b

’

WRDC-TR-30-4068

AD-A227 506

MECHANICAL PROPERTY DATA ON ALUMINUM ALLOY
7150-T7751 PLATE

Patrick W. Ertel

University of Dayton
Research Institute

300 College Park Avenue
Dayten, OChio 45469

August 1990

Interim Report for Period June 1988 - June 1989

Approved for public release;

MATERIALS LABORATORY
WRIGHT RESEARCH AND DEVELOPMENT CENTER
AT™ FCRCE SYSTEMS COMMAND

WRIGHT--PATTERSON AIR FORCE bASE, UH 45432 - CLZ2

distribution unlimited.

D aaliCabla- ol s

oT!

G

1 ol




NOTICE

WHEN GOVERNMENT DRAWINGS, SPECIFICATIONS, OR OTHER DATA ARE FR ANY
PURPOSE OTHER THAN IN CONNECTION WITH A DEFINITELY GOVERNMENT-RELATED
PROCUREMENT, THE UNITED STATES GOVERNMENT INCURS NO RESPONSIBILITY OR ANY
OBLIGATION WHATSOEVER. THE FACT THAT THE GOVERNMENT MAY HAVE FORMULATED OR IN
ANY WAY SUPPLIED THE SAID DRAWINGS, SPECIFCATIONS, OR OTHER DATA, IS NOT TO
BE REGARDED BY IMPLICATION, OR OTHERWISE IN ANY MANNER CONSTRUED, AS LICENSING
THE HOLDER, OR ANY OTHER PERSON OR CORPORATION; OR AS CONVEYINE ANY RIGHTS IR .
PERMISSION TO MANUFACTURE, USE, OR SELL ANY PATENTED INVENTION THAT MAY IN ANY
WAY BE RELATED THERETO.

THIS REPORT HAS BEEN REVIEWED RY THE OCFICE OF PUBLIC AFFAIRS (ASD/PA)
ANG IS RELEASABLE TO THE NATIONAL TECHNICAL INFORMATION SERVICE (NTIS). AT
NTIS [T WILL BE AVAILABLE TO THE GENERAL PUBLIC INCLUDING FOREIGN NATIONS.

THIS TECHNICAL REPORT HAS BEEN REVIEWED AND IS APPROVED FOR PUBLICATION.

Q{Z%(Zm 7%4%@' o)
MAR N PHILLIPS, Prdject Engineer

Engineering & Design Data
Materials Engineering Branch

> ) f w

. HARMSWORTH, Mgr. . . e
Engineering & Design Data Materials Engineering Branch
Materials Engineering Branch Systems Support Division .
Materials Laboratory -

IF YOUR ADDRESS HAS CHANGED, IF YOU WISK TO BE REMOVED FROM OUR MAILING
LIST, OR IF THE ADDRESSEE IS NO LONGER EMPLOYED BY YOUR ORGANIZATION PLEASE
NOTIFY WRDC/MISE . WRIGHT-PATTERSON AFB, OK 45433-6533  TO HELP MAINTAIN
A CURRENT MAILING LIST.

COPIES OF THIS REPORT SHOULD NOT BE RETURNED UNLESS RETURN IS REQUIRED BY
SECURITY CONSIDERATIONS, CONTRACTUAL OBLIGATIONS, OR NOTICE ON A SPECIFIC
COCUMINT.




UNCLASSIFIED
SECURITY CLASSIFICATION OF ThIS PAGE

REPORT DOCUMENTATION PAGE

Form Approved
OM8B No 0704-0188

a RCPORT SECUR-Tr CLASSIFICATION
UNCLASSIFIED

1b RESTRICT.vE MARRINGS

2a SECURITY CLASSHICATION AUTHORITY

3 DISTRIBUTION - AVAILABILITY OF REPORT
Appreved jor public release;

2n DECLASSIFCAT.OlN - DCWNGRADING SCHEDULE

distribution unlimited,

4 PERFOHMING ORGANIZATION REPORT NURBER:S,

UDR-TR-90-02

5 MONITORING ORGANIZATION REPORT NUMBER.S)

WRDC-TR-90-4068

6a NAME CF PLRFORMING QRGANIZATION
University of Davton
Research Tnstitute

6b

OFFICE SYMBOL
(if applicable)

7a NAME OF MON TORING ORGANIZATION
Wright Research and Development Center
Materials T.aboratery (WRDC/MISE)

€2 ADDRESS (City State, and ZIP Code)
300 Collepe Park Avenue

7o ADDRESS (City, State and /ZiP Code)
Wright Patterson AFB, OH 45433-6533

DRCAN L Oy

(11 applicabley

Dayton, OH 45469
Ga mAcsDoin fLL3 g SEONSDRNG 35 OrRICE SYRRCL [ 9 PROCLKELENT INSTROMENT tDEAT F{AT:ON NUNETF

F33615-88-C-5437

3 ADDRN (Crty. State. and Z2IP Code) 1D SOURCE OF FULNDING NULBERS
PROGRAM PRO,ECT TASK VWORY UNT
LLEAENT NO NO ;o] ACCESSICN NO
621027 2418 07 (43
YTOT. t anclude Security Classitication)
Mechanical Property Data on Aluminum Alloy 7150-T775! Plate
‘oOPERSTN AL AUTHORS)
Patrick W Ertel
*Ja. TYPE Q7 REPQR! n TAE COVERED 14 DATE O niPOR7 {Year, Month Day, |'S FACGE COUNT
Interm reom 6/88 10 A/RY August 1990 31
16 SUPFLIMENTARY NOTATION
i’ COSATI CUDES '8 SLBIECT TERMS {Continue on reverse if necessary and sJentify by block number)
%t .o Grour I8 UR0 U 7150-77751 ,-Stress Corrosion Crackin,, Stress Corrosion
13 N4 Thresheld, Spectrum Fatisue, Constant amplitude Tatiguc
- Craclk Crouth "eneile, Tractnre Tonphnmeca AN

usinz a recently developed

Test results indicate
to corresien and decreased
of similar strengtl,

this material
fracture

POS s

‘] 'Y ABSTRACT Continue on reverse if necessary and :dent:fy by biock number)

A mechanical properties irvestigation was performed on aluminum 7150-T775) , & product
thermal processing technique,
tensile, {racture toughness, fatigue crack srowth, spectrum fatipguc crack prowth, constant
amplitude fatigue, stress corrosion cracxing, and stress corresion cracying threshold.

PSSO

gredter resistancg
toughiness over conventional 7000 series aluminuns

Fatiyue propertivs were Tound to
other 7000 series aluminums, widle fat igue crach nrowth rates were Dredter in the Jowver
stress intensity ranges and sizdlar in tie Lisher ranscs

Properties examined were

i strenstin with somewiat

Le similar to those of

N

Pt AnS TRALT

OISR A AVAILASYITY &
[0 ARSI SR NIRRT IS

-~

ppex

EEERNNT

- G V3 (":\g(l-r.‘\?r:\'.

CLCLASS T

Tea MANE OF FLUPL NS BT il A Sl i PRS0 (ndude Area Code) | coc DPEICE S AB0
4 5 ISR 1 4 L X3 o1
M, A Phillips (513) 255-51 % WKNC/HILSE
DD Form 1473, JUN 86 Provious egitons ger 0bsore te O SETURTY G ASSE CATGN 2 TS FAcE

NCTASSITIEDL




PREFACE

This technical report was submitted by the University of
Dayton Research Institute, Dayton, Ohio under Contract F33615-88~
C-5437 with the Wright Research and Development Center, Wright-
Patterson Air Force Base, Ohio. This work was administered by the
Systems Support Division, Materials Laboratory, with administra-
tive direction provided by Ms. Mary Ann Phillips, WRDC/MLSE.

This effort was conducted during the period of June 1988 to
June 1989. The author, Patrick W. Ertel, was Project Engineer and
would like to extend special recognition to Messrs. John H. Eblin
and Conald Woleslagle cf the University of Dayton for their tech-

nical support.

This report was submitted by the author in December of 1989.
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SECTION 1
INTRODUCTION

Aluminum allecy 7150 has recently attracted renewed attention
in the aerospace community because of new heat treatments which
improve its corrosion properties with little sacrifice in
strength. This alloy is presently heat treatable in a peak
temper to over 80 Ksi ultimate strength as a minimum guaranteed
value. Using conventional heat treatment at this strength results
in a corrosion sensitive product, making its use in aircrafzt
systems undesirable. However, new thermal processing methods are
reported that significantly improve the ccrrosion characteristics
of this material at nc expense in strength properties. Material
suppliers are guaranteeing the product in this condition to have
an ultimate strength of over 80 Ksi while possessing the corrosion
properties usually associated with material of lower strength.
Recause of the good strength and corrosion properties. The

material is of considerable interest for aerospace applications.

When <his product was first introduced to the aerospace
community it was still in the development stage. At that time the
heat treatment was not registered with the Aluminum Association
and was identified by producer specific designations. Since then
the Aluminum Associatlon has designated the heat

treatwment/processing as -T7751.
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cracking, and stress corrosion cracking threshold.




SECTIOr ¢
MATERIAL, SPECIMF..&, .25 ) PROCEDURES

The test material was «l.cipum 71530-T7751 in 1.75 inch thick
plate form procured from ALCOA. Emission spectroscopy was used to
determine the test r'_"=’s chemical composition listed in Table 1.
Absolute values f. ( aar-janese, chromium, titanium, iron, and
zirconium could not be determined with the instrumentation
available. These elements may be present in amounts below the
weight percent shown. The composition shown is within the ranges

specified in AMS 4306 for this alloy.

TABLE 1

CHEMICAL COMPOSITION OF 7150 TEST PLATE

Element Weight %
Zn 6.00
Mg 2.10
Cu 2.0
Si 0.11
I'e <0.20
Mn <0.10
Cr <0.48
T1 <0.10
Zr <0.10
Al BALANCE

Tensile tests were performed under room temperature condi-
tions in an Instron universal testing machine in accordance =ith
ASTM Standard E8 "Tension Testing of Metallic Materials."1

Specimens were removed from the plate in each of the three
principal directions (i.e. L, T, and S orientation). The geonctry
of the I, and T orientation specimens is shown in Figure 1.%*
Specimens removed from the plate in the S orientation are of the
same general configuration, but with a 0.5 inch gage length and a

0.160 inch diameter.

Ten smooth fatigue and ten notched fatigwe specimens were
tested at stress ratio of R=0.1. Their geometries arc¢ preccnt i
in Figures 2 and 3, respectively. Machining marks were remcved

* Pigurces arc listed at the ena of this report.
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from smooth fatigue specimens by polishing longitudinally with 600
grit sandpaper prior to testing. Notched fatigue specimens were
tested as received. All fatigue testing was done in a Rumul

resonant mass fatigue testing machining at 95 Hz.

Two 4-inch wide center crack panels for spectrum fatigue
crack growth rate testing were machined from the plate. Figure 4
depicts the center cracked panel geometry. One plate was tested
using the FALSTAF load spectrum at a maximum spectrum stress of
20 Ksi and one panel was tested using the Mini-Twist load spectrun
at @ maximum stress of 17 Ksi. The load histories were applied
using a DEC PDP 11-34 conputer interfaced tc an MTS servohydraulic
fatigue machine. Crack length measurements were recorded con-
tinuously as a functiocn cf elapsed flights with a Fractomat crack

monlitoring systen.

Fatigue crack growth specimens of the compact tension C(t)
gecnetry, two from the L-T orientation and two from the T-1 oriep-
tation, were reroved from the quarter thickness, t/4, position in
the nlate. These are shown in Figure 5. Testing was acccmplished
using a 20 KIP (89 kN) mAximum MTS servo-hydraulic fatigue
machine. A sinusoidal wavetorm was applied at 25 Hz, using an R
ratio of 0.1 for all tests. Crack length was visually monitored
using a 10X traveling micrescope with digital readout. Procedures
were applied and data reduced in accordance with ASTM Standa:d for
£647 "Constant-Load-Amplitude Fatigue Crack Growth Rates Akcve
10 %m/cycle. "

Precracked C(t) specimens for fracture toughness (16 each)
and stress corrosion cracking threshold (four each) determination
were machined to the cenfiguration shown in Figure 5. Both scts
uvf specimens were precracked to a crack length te specimen width
ratio of approximately 0.5 at a final stress inteunsity level not

eyxceeding 0.5 K Testing for plane-strain fracture toughness

ic’
determination was performed following guidelines described ir ASTM

E3%% "Plane-Strain Fracture Toughness cof Metallic Materials."”

Precracked stress corrcsion cracking threshold specimens

woere lcacfded at various initial stress intensity levels in o oon-

stant load 5atec stress rupture testing machine which applica the




load to the specimen with dead weights acting through a lever arm.
Clevises and pins used to grip the samples were machined from
aluminum to minimize any galvanic coupling effects. The specimen
was ccmpletely submerged before loading in a solution of distilled
water with 3.5% by weight NaCl added with air continv.ously bub-
bling through the solution to replenish oxygen as w:ll as to
assure a uniform test solution. Water lost to evaporation uas
replaced with demineralized water as needed. Upon failure the
specimens were reroved and the initial stress intensity and time
to failure was recorded. Tests were terminated atter 1000 hours

if no failure occurred.

Nine stress corrosion cracking tensile bar specimens were
removed with their axis criented in the short rolling direction of
the plate. These specimens are siailar in geometry to the tensile
specimens shown in Figure 1, but with a 1.75 inch overall length,
a gage length of 0.50 inch and a diameter of 0.160 inch. All
specimens were polished longitudinally with 600 grit sandpaper and
cleaned with acetone prior to testing. Specimens were dead weight
loaded at various stress levels in a Satec creep rupture test
machine and submnerged for 10 minutes of every hour in a solution
of 3.5% reagent grade NaCl dissolved in Demineralized water, for
the reraining 50 minutes the specimens were exposed to lab air at
72°F and 30% relative humidity as recommended in ASTM G44

"Standard Practice for Evaluating Stress Corrosion Cracking

o\@

Resistance of Metals and Alloys by Alternate Immersion 1in 3.5

1ym /‘}\ 4

3 3 3 " s 4 £ 3% .- - PRSS
Scdium Chleride Sclution. Tire to failure was recorded.

=3

ests
were terminated after 1000 hours if no failure occurred. Atter

termination of the test, each specimen was examined for evidence

of pitting.




SECTION 3
RESULTS AND DISCUSSION

Tensile properties of 7150-T7751 are presented in Tahle 2.
Tensile properties are consistent in the T and L directicns with
only slightly lower ductility in the transverse direction. 3hort
transverse yleld strength Is akout 10% lower than L orientation
yield. Short transverse ductility varied widely between
specimens. Tensile properties of the 1.75 irch plate were
slightly lower than those of a 1.1 inch thick plate of 715%56-T7751

previcusly reported by this lab.”

Tensile preoperties of the 7150-~T7751 1 75-inch plate are
ceapared with 7150-T6151 and 7073-T621 1in Takle 3. Alloy 7130-
T7751 exhibits higher strength than either of the other products,
particularly in the short grain direction, with little or nc loss
in ductility .

Fatigue data for 7150-T77%1 plate, for both smooth and
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imenrs, are presented in Figure 6. A curve repre-

senting srooth specimen fatigue data for 7075-T651 from Air iorce
Materials lLaboratory Repcocrt No. AFML-TR-65-1716° "= also piotted
cn this graph. Results indicate the smooth fatigue propertics of

T050-T77751 and 7075-T651 are similar.

Results frow the constant amplitude fatigue crack growth
tests are shown in Figure 7 for L-T oriented specimens and 1n
Figure 8 for T-I. samples. Fiqgure 7 concains deta from three 7150-
T7751 L-T specimens tested under like conditions as well as 7075-
T651 reference data from the Darage Telerant Design Handbook7.
For the stress intensity range below 12 KSIfTB, 7150-T7751 e~
hikited a crack grewth rate higher than the 7075-T651. Grewth
rates weore sirllar at hishor stress intensity ranges. Results of
the 71%20-T7751 specirens trom the T-L orientation are shown in
Figure 2 along with a 707 -1751 reference curve from the Danage
Tolerant Design Handbook: . »Jgain, the 7150 exkbibits a higher

growth rate in the lower stress intensity ranges with such 33i{-

forences diminishing 2t the higher 2K values.




Results of the stress corrcsion cracking tests cii smooth
tensile bars are presented in Table 4. These results indicate
stress corrosion failures would ke anticipated at sustained
stresses above 30 Ksi. By the¢e ASTM G649 criterium, this materiail
would receive a rating of C. 1In contrast, 7075-T6 received a
rating of D, indicating some improvement in stress corrosion
cracking properties of 7075-16.

Test results from thr C(T) plane strain fracture toughness
(KIC) specimens are presented in Table 5. These fracture tough-
ness results are conpared with two other high strength aluminum
alloys, 7075-T651 and 7050-T7351, in Table 6. It can ke seen that
7150-T7751 exhibits considerably lower fracture toughness than
alloys of similar strength irn: the L-T and T-L orientaticns. The
L-T fracture toughness fracture toughness of the l.l1-inch plate
previously reporteds, while T-L fracture toughness is 94% of the
previously reported value. Fracture toughness was consistent
between the L-T and T-L specimens. Remarkably, fracture toughness
in the S-I orientation was higher than that found in either the
L-T or T-1, orientaticns. This result was so surprising that a
second cset of specimens was machined and tested. Results from

thesve tests verify the original finding.




SECTION 4
CONCLUSIONS

Because of its high strength, 7150-T7751 will inevitatly be
considered for use where the ~Té temper of 7XXX alloys is now
employed. The 7150-T7751 plate exhibits tensile properties
slightly superior to those of -T6 tempers. Fatigue properties are
similar to 7075-T6é6 plate material. Constant amplitude fatigue
crack growth rates are greater in the lower stress intensity
ranges and similar in higher ranges. Fracture toughness in the
L-T and T-I1. directions of ~-T7751 1s considerably lower than that
of -T6 temper material, which may be of concern for damage

tolerant critical applications. Stress corrosicn tests indicate

that 7050-T7751 1s slightly less susceptible to stress corrosion
than 7075-T6 material.




TABLE 2
7150-T7751 TENSILE RESULTS

Ultimate Yield
Specimen Strength Strength Elongation %
Number Orientation (ksi) (ksi) (1 inch gage length)
TL1 Longitudinal 86.4 82.8 8.8
TL2 Longitudinal 86.7 82.6 8.9
TL3 Longitudinal 86.2 82.4 8.9
Average . . . 86.4 B2.6 8.9
T1 Transverse 86.7 8l1.4 8.2
T2 Transverse 84.1 77.4 8.6
i
T3 Transverse 87.4 82.0 8.0
Average . . . 86.1 80.3 8.3
TS3 Short Transverse 82.7 74.9 5.7*
TS4 Short Transverse 83.2 75.5 10.4
TS5 Short Transverse 81.8 73.6 6.0
Average . . . B2.6 74.7 7.4
* .
Short transverse specimens have 0.5 inch gage length.




TABLE 3
COMPARATIVE 7XXX TENSILE VALUES

Ultimate Yield Elongation

Strength Strength (%) 1 in
Material Orientation (ksi) (ksi) gage length
7150-T7751 Longitudinal 86 83 9
7159-T6151%  Longitudinal 84 78 9
7075-'1‘651b Longitudinal 78 71 -
7150~-T7751 Transverse 86 80 8
7150-T615 Treansverse 84 77 9
7175-T651 Transverse 79 69 6
7150-T7751  Short 83 75 74
7075-T651° Short 69 58 -

47150-6151 Plate (1.001~1.500 inch thick) values from MIL-HDBK-5E
Table 3.7.7.0 (k), 1 May 1989.

b7075-T651 Plate (1.001~2.000 inch thick) values from MIL-HDBK-5E
Table 3.7.4.0 (b), 1 June 1987.

€7150-T651 Plate (2.000-2.500 inch thick) values from MIL-HDBK-SE
Table 3.7.7.0 (b), 1 June 1983.

dshort orientation specimens had a 0.5 inch gage length.




TABLE 4
7150-T7751 STRESS CORROSION CRACKING

Specimen Test Stress Test

Number (ksi) Hours Failure
TS1 60 116 ves
TS2 65 98 yes
TS3 55 112 yes
TS4 50 170 yes
TS5 45 239 yes
TS6 40 243 yes
TS7 35 459 yes
TS8 30 467 yes
TS11 20 1198 no

10




TABLE S
FRACTURE TOUGHNESS RESULTS

7150-T7751 1.75" PLATE

Specimen KIc
Number Orientation ksi Jin
KLl L-T 20.8
KL2 L-T 20.1
KL3 L-T 20.9
KL2A L-T 22.1
KL3A L-T 19.8

Averaase . . . . 20.7
KT1 T-L 20.2
KT2 T-L 19.2
KT3 T-L 19.4
KT1A T-L 21.6
KT2A T-L 22.0
KT32 T-L 22.7

Average . . . . 20.9




TABLE 6
COMPARATIVE 7XXX FRACTURE TOUGHNESS VALUES

Specimen K

. . Ic
Nunmber Orientation ksi Y im

7150-’1‘7751a L-T 20.7
7050-T735% L-7 34.5
7075=-T651 L-T 26.5
'7150-T7751a T~L 20.8
7050-T735$ T-L 30.0
7075-T651 T-L 22.5
7150-T7751 S-7 22.8
7050-T735g S-L 28.0
7075-T651 S-L 1.76

47050-T7351 (1.00-6.00 inch Plate) data from Damage Tolerant
Design Handbook, Metals and Ceramics Information Center,
MCIC-HB-OIR Volume 3, Table 8.02.

b7075-T651 (0.37-5.00 inch Plate) data from Damage Tolerant
Design Handbook, Metals and Ceramics Information Center,
MCIC-HB-OIR Volume 3, Table 8.02.




TABLE 7

SHORT TRANSVERSE KISCC RESULTS
Specimen Stress Intensity
Number Hours to Failure ksi Yin
Ks 5 868 21.0
KS 3 751 22.8

LSL 5 691 18.6
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Figure 8. Fatigue Crack Growth Rate Data for
7150-T7751 T-I. Orientation.
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